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Abstract
Background
It is necessary to evaluate COVID-19 data on Knowledge, Attitudes and Practices (KAP) to confirm effective protective practice and to reduce risk in society. Hence, the study was carried out to determine KAP towards COVID-19 and the factors associated with knowledge and practices among patients with type 2 diabetes (T2D).

Methods
In this cross-sectional (descriptive-analytical) study, 357 patients with diabetes in Izeh participated in the study. The sampling method used was convenience sampling method. Data collection tool was a researcher-made questionnaire of demographic information and KAP of patients with T2D in relation to the new coronavirus. The validity and reliability of the research tool was confirmed using the content validity and test–retest. Data analysis was done in Stata.14.2 and Smartpls 3.2.8 using descriptive and analytical statistical tests.

Results
The mean score of participants' KAP towards Covid-19 was 74.22 (16.30), 72.88 (14.87), and 70.51 (19.70), respectively. The lowest and the highest score of the patients' knowledge was in the field of transmission (56.60 (20.96)) and care and prevention of the COVID-19 (88.58 (21.88)), respectively. Residence was the most important factor predicting the practice of diabetic patients with an explanatory coefficient ([SMD 1.08 (95% CI 0.85 to 1.30), P < 0.001] and R2 = 0.87%).

Conclusion
Despite the good level of KAP of people towards the COVID-19 disease, there were answers showing poor knowledge, incorrect beliefs and attitudes, and insufficient practice regarding different aspects of the COVID-19 in some cases in our study. Residence was a strong predictor of type 2 diabetes mellitus (T2DM) patients’ practice in terms of protective behaviors against Covid-19. Hence, educational needs evaluation based on residence is recommended, especially in rural T2DM patients.
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Background
Severe acute respiratory syndrome of coronavirus (SARS-CoV-2) is the cause of the corona disease, first reported in the city of Wuhan, China, in December 2019, and since then it has spread to many countries in the world and the World Health Organization (WHO) declared it as a global pandemic on March 11, 2020 [1]. The disease spreads among humans through respiratory droplets of symptomatic and asymptomatic patients [2], with symptoms of fever, cough and fatigue [3–5]. Most of the patients recover without the need for special treatment, but the elderly and those with underlying diseases like cardiovascular diseases, diabetes, chronic respiratory disease and cancer are classified as high-risk people. They are more susceptible to septic shock, acute respiratory distress syndrome, electrolyte imbalance (metabolic acidosis) and coagulation disorders resulting in death ultimately [6–9]. According to previous studies, due to weak immune system [10], people with diabetes are at increased risk of severe disease, acute respiratory distress syndrome, and increased mortality in COVID-19 [11–14]. A study on 1099 patients with COVID-19 showed that 23.7% had high blood pressure and 16.2% had diabetes out of 173 patients with severe disease [15]. Another study on 52 patients with severe COVID-19 showed that 7 (22%) out of 32 patients who died had diabetes [6]. Additionally, the results of a study on 7,337 patients with SARS-CoV-2 in China showed that T2D significantly increases the risk of death in hospitalized patients with COVID-19 [16]. During the covid-19 pandemic, the relationship between diabetes and the contracting covid-19 has been closely examined. In these surveys, it was confirmed that because patients with type 2 diabetes are more at risk of contracting pneumonia than others, the possibility of contracting Covid-19 and especially severe forms of the disease is higher [17–19]. An interactive relationship between diabetes and COVID-19 was also proven. On the one hand, diabetes is associated with an increased risk of severe SARS-CoV-2 infection, and on the other hand, both severe metabolic complications of new diabetes and previous diabetes have been observed in patients with COVID-19 [18, 20, 21].
Besides therapeutic interventions and vaccination, non-clinical interventions such as limiting unnecessary travel, observing social distance, wearing masks, and frequent and proper hand washing have been suggested by the WHO to control the spread of COVID-19 [22, 23]. However, according to the “KAP theory”, the adherence of patients with diabetes to these control measures will be largely affected by their knowledge, attitude and practice (KAP) towards COVID-19 [24]. “KAP theory” is a theory of health-related behavior change, where the change in human behavior is affected by three consecutive processes: acquiring knowledge, creating attitude and adopting behavior (or practice) [25]. Moreover, perceived knowledge and attitude are important predictors of adherence to health behaviors [26]. It must be noted that a misunderstanding of an emerging disease combined with insufficient specialist knowledge can lead to fear and chaos and exacerbate the epidemic. As past experiences reveal, misconceptions and excessive fear in people have resulted in resistance to compliance with public health control measures and contributed to the rapid spread of diseases [2, 27, 28]. Also, several studies have confirmed the relationship between the levels of knowledge and attitude in patients with preventive behaviors [29–31]. Therefore, the KAP levels of people with diabetes were expected to be an important determinant in their fight against COVID-19. On the other hand, it was thought that the perceptions and behaviors of patients with diabetes were affected by the COVID-19 epidemic, which needed to be investigated. Thus, understanding the knowledge, attitude and practice of high-risk groups, especially patients with diabetes, seems to be a necessary thing that can help predict the results of planned behavior in COVID-19 patients. Hence, the study was performed to determine KAP in relation to COVID-19 and factors associated with knowledge and practice among patients with T2D. The results could inform trainings, policies and other effective and important intervention strategies for better and timely containment of COVID-19 and put patients with T2D in the priority plans of public health officials, doctors and the country media.

Materials and methods
Study design
This was a cross-sectional (descriptive-analytical) study that conducted between October 2021 and January 2022 for examining KAP of the new COVID-19 in patients with T2D in Izeh, Iran.

Study setting and sites
Izeh is one of the cities of Khuzestan located in the south of Iran. The study was carried out in 24 comprehensive health service centers of Izeh.

Participants and sample size
The population examined was all patients with T2D in Izeh. According to G-power software using an exploratory a priori approach (a 2-tailed test, α = 0.05, β = 0.2, allocation ratio of N2/N1 = 0.65, and the effect size (Cohen's d) of 0.3), the sample size for this study was 368. Finally, 357 patients participated in the study and answered the questions of the questionnaire. The sample selection method was multi-stage based on multiple urban and rural clusters. Thus, first, 4 urban and 4 rural centers were considered as 8 clusters. In the next step, the researchers visited comprehensive health service centers and obtained information from the registers of patients with T2D. They determined the number of patients needed according to the proportion of patients in each center from the total sample size. Finally, the samples of each center were selected from the people who went to the centers to receive services through convenient sampling. Overall, 226 people were selected from 4 urban and 131 people from 4 rural centers.

Data collection
A researcher-made structured questionnaire was used for data collection. Trained interviewers were used to complete the questionnaires. For this purpose, a coordination meeting was held with the questioners and after explaining the goals of the project, they were taught how to complete the questionnaires. The questionnaires were completed as self-expressed by the routine clients of the centers. To increase the accuracy of the individuals in completing the questionnaires, they were given the necessary explanations about the questions before completing the information. In specific cases, the questionnaires were completed in the form of a face-to-face interview (following health protocols) if people were not able to complete the information. The inclusion criteria were a history ofT2D at least 3 months before the outbreak of the epidemic and a complete answer to the questions in the questionnaire. Exclusion criteria were lack of satisfaction to participate in the study and physical and mental problems.

Measurement tools
The questionnaire had four sections. The first part has 12 questions in the field of demographic characteristics such as age, gender, occupation, education, residence, marital status, and time of diagnosis.
The second part has 31 questions to measure the knowledge of patients with T2D in relation to COVID-19. Knowledge questions were divided into 4 sub-components (Knowledge about the Nature of the coronavirus and the Disease (KNCD) (6 questions), Knowledge about the transmission of the coronavirus (KT) (4 questions), Knowledge about the Care and Prevention of the coronavirus (KCP) (10 questions), Knowledge about coronavirus diagnosis and treatment (KDT) (11 questions). The score range of each question is between 0 and 2 (correct = 2, don't know = 1 and wrong answer = 0).
The third part has 8 questions associated with patients' attitude towards COVID-19. The questions in this section are divided into 4 sub-components (Attitude towards Contracting the disease (AC); Attitude towards Severity and Mortality of the Disease (ASMD); Attitudes towards Disease Prevention (ADP); Attitudes towards Disease Treatment (ADT)). The questions in this section were designed based on a 3-point Likert scale with a score range of 0 to 2 for each question (disagree = 0, have no opinion = 1, and agree = 2).
The last part has questions about patients' Practice regarding COVID-19 (PC) (11 questions). The questions in this section were based on a 3-point Likert scale with a score range of 0 to 2 for each question (not at all = 0, somewhat = 1, and very much = 2).

Validity and reliability of the questionnaire
The basic questions of the questionnaire have been prepared based on the instructions of the Ministry of Health, Treatment and Medical Education of Iran in the field of prevention and control of COVID-19 [15]; as well as the texts of similar papers [3, 6, 24, 32–36]. The validity of the tool was examined in two ways: face validity and content validity. Seven experts in the field of health education and health promotion and infectious disease experts were interviewed in a group discussion and face to face to examine the face validity of the tool, and their opinions about the level of difficulty, the degree of inadequacy, the ambiguity of expressions or the existence of insufficiency in meanings of the words of the questionnaire were taken into account.
In qualitative content validity, 9 experts were asked with specializations in health education and health promotion (5 people), infectious diseases specialist (2 people) and internal medicine specialist (2 people). After a detailed study of the tool, they presented their corrective views about each item in detail and in writing. Necessary changes were made in the tool after collecting comments.
Content validity ratio (CVR) and the content validity index (CVI) were used in a quantitative method to determine the content validity. Based on the results obtained from the opinions of 9 experts, the overall CVR value of the questionnaire was 0.90–0.88 for knowledge, 0.90 for attitude, and 0.92 for practice. Moreover, CVI value for all sections of the questionnaire was calculated by averaging the questions of each section, where knowledge was 0.93, attitude 0.91, and practice 0.89. The overall CVI value of the questionnaire was 0.91.

Reliability of the questionnaire
Retest method was used to determine the reliability. Therefore, the validated version of the questionnaire was given to 20 patients with T2D. One week later, they were asked to complete the questionnaires again. The reliability rate for the entire questionnaire was 0.91 (0.87 for knowledge, 0.92 for attitude and 0.94 for practice), which was within the acceptable range. Ultimately, the tool was prepared as a questionnaire with 50 items in three sections.

Statistical analysis
Univariate and multivariate data analysis was mainly used in the study. Qualitative variables were analyzed using frequency and percentage, and quantitative variables were analyzed using mean and standard deviation or, if necessary, median and range using Stata.14.2. Shapiro–Wilk Test was used to examine the normality of the data. Independent t-test was used with the help of effect size index (SMD) for knowledge, attitude and practice and their dimensions for intergroup comparison. Then multiple linear regression analysis was used to confirm the relationships between the variables. Moreover, Smartpls 3.2.8 was used to draw relationships between knowledge about COVID-19 in patients with T2D and its sub-components according to place of residence. All the tests were statistically measured at the error level of 5%.


Results
Demographic characteristics of study participants
Furthermore, 357 patients participated in the study. The mean age of the study participants was 57.8 (12.0) years, 64.1% (229 people) of the participants were female and 89.4% (319 people) were married. Other demographic characteristics of the patients are given in Table 1.Table 1Demographic characteristics of patients with T2D (n = 357)


	 	Variables
	Frequency (%)

	Sex
	Female
	229 (64.1)

	Male
	128 (35.9)

	Residence
	Urban
	226 (63.3)

	Rural
	131 (36.7)

	Marital
	Married
	319 (89.4)

	Others
	38 (10.6)

	Educational
	Illiteracy
	241 (67.5)

	Literacy
	116 (32.4)

	Job
	Housewife
	213 (59.7)

	Others
	144 (40.3)

	Number of Children
	<=3 Child
	82 (23)

	>3 Child
	275 (77)

	Duration of Diagnosis
	<=5 Years
	42 (56)

	>5 Years
	157 (44)

	Complications of Diabetes
	Kidney Problems
	63 (17.6)

	Nervous Problems
	71 (19.9)

	Blurred Vision
	38 (10.6)

	Vision Problems
	21 (5.9)

	Stroke
	4 (1.1)

	High Blood Pressure
	172 (48.2)

	High Blood Fats
	138 (38.7)

	History in First-Degree Relatives
	Yes
	203 (56.9)

	No
	154 (43.1)

	History of Infection
	Yes
	160 (44.8)

	No
	197 (55.2)




Based on Table 2, the mean and standard deviation of the knowledge score of the participants regarding the COVID-19 was 74.22 (16.30). The lowest mean knowledge score was (56.60 (20.96)) regarding coronavirus transmission and the highest mean knowledge score (88.58 (21.88)) was in care and prevention. It is noteworthy that the mean knowledge score of the participants in all components had a significant difference based on residence, which were in the range of moderate and strong relationship in terms of the effect size index. The mean knowledge score of the participants according to the type of drug consumed except knowledge about the transmission of the coronavirus showed a significant difference with the mean effect size. Moreover, the mean knowledge score of the participants according to their marital status showed a significant difference with the mean effect size apart from the component of care, prevention and transmission of the virus. Although there was a significant difference in the mean knowledge score of the participants according to the level of education in all components, there is a weak relationship with regard to the care and prevention, diagnosis and treatment of the coronavirus in terms of the effect size index except for the knowledge components and there is a moderate relationship in the other components. Additionally, the mean knowledge score of the participants based on the history of diabetes in first-degree relatives was significantly different in all components, but in terms of the effect size index, in the component of knowledge about care and prevention, it showed a weak relationship and in the component of knowledge about the transmission of the coronavirus, it showed a moderate relationship. Although the mean knowledge score of the participants in terms of age showed a significant difference in all components, they were in the range of weak relationship for the effect size index. It has to be noted that the mean knowledge score of the participants in terms of gender was insignificantly different in all components, and they were within the noticeable range in terms of the effect size index. The mean knowledge score of the participants in terms of the duration of diagnosis of diabetes was insignificantly different only in the component of knowledge about the diagnosis and treatment of the coronavirus (although it was in the medium range in terms of the effect size index), there was a significant difference with the effect size being insignificant and weak in other components.Table 2Knowledge of patients with T2D regarding COVID-19 (n = 357)


	 	Variable
	KNCVD
Mean (SD)
	KT
Mean (SD)
	KCP
Mean (SD)
	KDT
Mean (SD)
	GK
Mean (SD)

	Mean (SD)
	Mean (SD)
	Mean (SD)

	Sex
	Man
	81.15 (25.48)
	55.66 (23.46)
	86.19 (25.09)
	71.73 (19.40)
	73.68 (18.77)

	Women
	81.58 (22.71
	57.12 (19.45)
	89.92 (19.80)
	69.46 (18.06)
	74.52 (14.78)

	MD [95% CI]
	− 0.43
[− 5.59 to 4.72]ns
	− 1.46
[− 6.01to 3.10]ns
	− 3.73
[− 8.47 to 1.00]ns
	2.27
[− 1.76 to 0.30]ns
	− 0.83
[− 4.38 to 2.70]ns

	Cohen’s d [SMD]
	− 0.19 [−0.23 to 0.20]ns
	− 0.07
[− 0.29to .15]ns
	− 0.17
[− 0.39 to .05]ns
	0.12
[− 0.1 to 0.33]ns
	− 0.05
[− 0.26 to 0.16]ns

	Age
	<58 years
	56.35 (20.03)
	58.77 (21.96)
	91.97 (17.13)
	73.67 (16.54)
	77.69 (13.98)

	>58 years
	76.54 (26.02)
	54.43 (19.74)
	85.22 (25.37)
	66.90 (19.85)
	70.77 (17.69)

	MD [95% CI]
	9.82
[4.98 to 14.65]**
	4.34
[− 0.002 to 8.69]*
	6.74
[2.23 to 11.25]**
	6.77
[2.97to10.58]**
	6.91
[3.60to 10.24]**

	Cohen’s d [SMD]
	0.42
[0.21 to 0.63]**
	0.20
[− 0001 to 0.42]*
	0.31
[0.10 to 0.51]**
	0.37
[0.16 to 0.57]**
	0.43
[0.22 to 0.64]**

	Residence
	Urban
	87.76 (16.41)
	6.48 (21.00)
	94.17 (12.03)
	77.36 (14.68)
	79.94 (10.53)

	Rural
	70.51 (29.73)
	49.90 (19.20)
	78.95 (30.22)
	58.05 (18.24)
	64.35 (19.52)

	MD [95% CI]
	17.24
[12.44to22.04**
	10.57
[6.17to14.98]**
	15.21
[10.76to19.68]**
	19.3
[15.84to22.78]**
	15.59
[12.46to 18.72]**

	Cohen’s d [SMD]
	0.77
[0.55 to 0.99]**
	0.51
[0.30to 0.73]**
	0.74
[0.50 to 0.96]**
	1.20
[0.97 to 1.43]**
	1.08
[0.85 to 1.30]**

	Diabetes in relatives
	Yes
	87.43 (17.92)
	60.69 (21.82)
	92.58 (16.46)
	74.28 (16.59)
	78.81 (12.82)

	No
	73.51 (27.81)
	50.85 (18.30)
	83.31 (26.60)
	64.99 (19.71)
	68.16 (18.35)

	MD [95% CI]
	13.93
[9.15to18.70]**
	10.10
[5.82to14.40]**
	9.27
[4.77 to 13.77]**
	92.9
[5.5 to 13.07]**
	10.46
[7.40 to 3.90]**

	Cohen’s d [SMD]
	0.61
[0.39 to 0.82]**
	0.49
[0/28 to 0.71]**
	0.43
 [0.22 to 0.64]**
	0.5
[0.30 to 0.72]**
	0.69
[0.47 to 0.90]**

	Educational status
	Illiteracy
	76.66 (25.59)
	53.03 (20.24)
	85.73 (24.50)
	67.40 (18.77)
	70.70 (17.02)

	Literacy
	91.34 (15.08)
	64.01 (20.58)
	94.50 (13.34)
	76.25 (16.67)
	81.53 (11.77)

	MD [95% CI]
	− 14.68
[− 19.73 to − .42]**
	− 10.97
[15.5 to − 0.45]**
	− 8.87
[− 13.55 to 3.98]**
	− 8.85
[− 12.88 to − 0.82]**
	− 10.82
[− 14.26 to − 7.37]**

	Cohen’s d [SMD]
	− 0.65
[− 0.87to − 0.42]**
	− 0.54
[− 0.76 to − 0.31]**
	− 0.41
[− 0.63 to − 0.18]**
	− 0.49
[− 0.71 to − 0.26]**
	− 0.70
[− 0.92 to − 0.47]**

	Marital status
	married
	82.85 (22.28)
	56.97 (21.04)
	89.06 (20.48)
	71.60 (18.10)
	75.12 (15.44)

	other
	69.52 (31.29)
	53.45 (20.22)
	84.60 (31.40)
	59.15 (18.84)
	66.68 (21.09)

	MD [95% CI]
	13.33
[5.44 to 21.22]**
	3.52
[− 3.55 to 10.60]ns
	4.45
[− 2.92 to 11.83]ns
	12.45
[6.3 to 18.56]**
	8.44
[2.10 to 13.88]**

	Cohen’s d [SMD]
	0.57
[0.23 to 0.90]**
	0.16
[− 0.16 to 0.50]ns
	0.20
[− 0.13 to 0.54]ns
	0.68 
[0.34 to 1.02]**
	0.52
[0.18 to 0.86]**

	Duration of diagnosis
	<5 years
	83.35 (23.32)
	59.96 (22.02)
	91.21 (20.22)
	70.71 (17.88)
	76.31 (15.51)

	>5 years
	78.98 (24.06)
	52.30 (18.72)
	85.24 (23.48)
	69.72 (19.42)
	71.56 (16.95)

	MD [95% CI]
	4.37
[− 0.58 to 9.33]*
	7.65
[3.33 to 11.99]**
	5.97
[1.41 to 10.52]**
	0.99
[− 2.9 to 40.9]ns
	4.75
[− 1.36 to 8.13]**

	Cohen’s d [SMD]
	0.18
[− 0.02 to 0.39]*
	0.37
[0.16 to 0.58]**
	0.27
[0.06 to 0.48]**
	0.53
[− 0.16 to 0.26]ns
	0.29
[0.84 to 0.50]**

	Medication
	metformin
	77.95 (26.48)
	56.31 (21.36)
	85 (25.87)
	67.18 (18.68)
	71.61 (19.14)

	other
	86.39 (18.03)
	57.01 (20.45)
	93.71 (12.86)
	74.69 (17.51)
	77.95 (9.10)

	MD [95% CI]
	− 8.43
[− 13.38 to − 0.49]**
	− 0.70
[− 0.14 to 3.73]ns
	− 8.7
[− 13.25 to − 4.16]**
	− 7.50
[− 11.35 to − 3.65]**
	− 6.34
[− 9.73 to − 2.94]**

	Cohen's d [SMD]
	− 0.36
[− 0.57 to − 0.14]**
	− 0.03
*[− 0.24 to 0.17]ns
	− 0.40
[− 0.61 to − 0.19]**
	− 0.41
[− 0.62 to − 0.20]**
	− 0.39
[− 0.61 to − 0.18]**


 *(p value < 0.5); ** (p value < 0.01)



As residence was an effective determinant in predicting the knowledge of the participants, this diagram was drawn using Smart PLS3.2.8 for a better understanding of the readers (Fig. 1).[image: ]
Fig. 1Determining the relationship between sub-components of knowledge according to residence in patients with type 2 regarding COVID-19


As Table 3 shows, the mean and standard deviation of the overall attitude score of the patients towards the disease was 72.88 (14.87). The analysis of the results in the sub-components revealed that the lowest mean attitude score was for attitude towards the treatment of the COVID-19 (56.60 (20.96)) and the highest for attitude towards the disease (88.58 (21.88)).Table 3Attitude of patients with T2D towards COVID-19 (n = 357)


	Variable
	 	AC 
Mean (SD)
	ASMD 
Mean (SD)
	ADP
 Mean (SD)
	ADT
 Mean (SD)
	GA
Mean (SD)

	Sex
	Man
	76.17 (32.58)
	90.04 (19.92)
	69.92 (22.04)
	54.30 (28.77)
	71.48 (16.37)

	 	Women
	82.09 (31.87)
	93.67 (17.15)
	72.49 (23.69)
	54.37 (28.82)
	73.66 (13.94)

	MD [95% CI]
	 	− 9.92
[− 12.89 to 1.04]*
	− 3.63
[− 7.58 to 0.31]*
	− 2.57
[− 7.59 to 2.45]ns
	− 0.07
[− 6.32 to 6.18]ns
	− 2.18
[− 5.4 to 1.04]ns

	Cohen's d [SMD]
	 	− 0.18
[− 0.40 to 0.32]*
	− 0.20
[− 0.41 to 0.01]*
	− 0.11
[− 0.33 to 0.11]ns
	− 0.002
[− 0.22 to 0.21]ns
	− 0.14
[− 0.36 to 0.07]ns

	Age
	<58 years
	80.90 (32.62)
	93.68 (16.55)
	65.17 (21.30)
	47.19 (27.34)
	76.97 (15.02)

	 	>58 years
	79.05 (30.80)
	91.06 (19.75)
	77.93 (23.14)
	61.45 (28.44)
	68.82 (13.59)

	MD [95% CI]
	 	1.85
[− 4.86 to 8.56]ns
	2.62
[− 1.18 to 6.41]ns
	− 12.76
[− 17.4 to − 8.13]**
	− 14.26
[− 20.06 to − 8.45]**
	8.15
[5.16 to 11.13]**

	Cohen's d [SMD]
	 	0.05
[− 0.15 to 0.26]ns
	0.14
[− 0.061 to 0.35]ns
	− 0.57
[− 0.78 to − 0.36]**
	0.51
[− 0.72 to − 0.29]**
	0.56
[035 to 0.78]**

	Residence
	Urban
	87.38 (28.01)
	94.24 (14.72)
	67.69 (22.53)
	57.08 (29.43)
	75.80 (14.28)

	 	Rural
	67.17 (34.95)
	89.12 (22.81)
	78.24 (22.65)
	49.62 (27.03)
	67.84 (14.57)

	MD [95% CI]
	 	20.21
[13.58 to 26.85]**
	5.12
[1.22 to 9.04]**
	− 10.54
[− 15.42 to − 5.67]**
	7.46
[1.28 to 13.63]**
	79.96
[4.85 to 11.06]**

	Cohen's d [SMD]
	 	0.66
[0.44 to 0.88]**
	0.28
[0.07 to 0.50] **
	− 0.46
[− 0.68 to − 0.24]**
	0.26
[0.04 to 0.47]**
	0.55
[0.33 to 0.77]**

	Illiteracy
	Educational status
	76.97 (34.13)
	91.28 (19.68)
	74.69 (32.21)
	56.74 (29.29)
	70.33 (15.04)

	Literacy
	 	86.21 (26.85)
	94.61 (14.74)
	65.09 (21.59)
	49.35 (27.08)
	78.18 (13.07)

	MD [95% CI]
	 	− 9.24
[− 16.34 to − 2.13]**
	− 3.32
[− 7.37 to 0.72]**
	9.6
[4.56 to 14.64]**
	7.39
[1.03 to 13.74]**
	− 7.84
[− 11.05 to − 4.64]**

	Cohen's d [SMD]
	 	− 0.28
[− 0.51 to 0.− 0.06]**
	− 0.18
[− 0.40 to 0.04]**
	0.42
[0.20 to 0.65]**
	0.26
[0.03 to 0.48]**
	− 0.54
[− 0.77 to − 0.31]**

	Marital status
	Married
	81.19 (31.83)
	93.26 (17.10)
	71.32 (23.03)
	55.09( 28.52)
	73.35 (14.75)

	 	Other
	69.74 (33.97)
	84.86 (25.03)
	73.68 (23.93)
	48.03 (30.41)
	68.91 (15.48)

	MD [95% CI]
	 	11.45
[0.63 to 22.27]**
	8.39
[2.28 to 14.50]**
	− 2.37
[− 10.17 to 5.44]ns
	7.08
[− 2.62 to 16.76]ns
	4.43
[− 0.56 to 9.44]**

	Cohen's d [SMD]
	 	0.36
[0.01 to 0.69]**
	0.46
[0.12 to 0.80]**
	− 0.10
[− 0.44 to 0.23]ns
	0.25
[− 0.09 to 0.58ns
	0.29
[− 0.04 to 0.64]**

	Number of
	>3 child
	78.91 (32.68)
	92 (18.73)
	73.8 (22.93)
	54.54 (28.04)
	72.23 (14.52)

	 	<3 child
	83.54 (30.48)
	93.60 (16.58)
	66.16 (23.03)
	53.66 (31.21)
	75.08 (15.88)

	MD [95% CI]
	 	− 4.62
[− 12.59 to 3.34]ns
	− 1.60
[− 6.12 to 2.92]ns
	7.02
[1.34 to 12.70]**
	0.89
[− 6.24 to 8.01]ns
	− 2.84
[− 6.52 to 0.82]ns

	Cohen's d [SMD]
	 	− 0.14
[− 0.39 to 0.11]ns
	− 0.09
[− 0.33 to 0.16]ns
	0.30
[0.06 to 0.55]**
	0.03
[− 0.21 to 0.28]ns
	− 0.19
[− 0.43 to 0.05]ns

	Medication
	Metformin
	78.81 (34.46)
	90.83 (20.37)
	66.55 (21.57)
	51.67 (25.24)
	73.42 (15.61)

	 	Other
	81.63 (28.72)
	94.55 (14.49)
	78.74 (23.11)
	58.16 (32.86)
	72.81 (13.85)

	 	MD [95% CI]
	− 2.82
[− 9.64 to 3.99]ns
	− 3.72
[− 7.57 to 0.12]**
	− 12.19
[16.92 to − 7.46]**
	− 6.5
[− 12.55to− 0.44]**
	1.31
[− 1.83 to 4.46]ns

	 	Cohen's d [SMD]
	− 0.08
[− 0.29 to 0.12]ns
	− 0.20
[− 0.41 to 0.01]**
	− 0.54
[− 0.76 to − 0.33]**
	− 0.23
[− 0.44 to − 0.01]**
	0.08
[− 0.12 to 0.30]ns


*(p value < 0.5); ** (p value < 0.01)



There were no significant differences in the mean score of the participants' attitude according to gender in all components, and they were in the negligible range in terms of the effect size index.
The mean score of the attitude of the participants according to age in the components of the attitude towards care and prevention and the attitude towards the treatment had a significant difference and in terms of the effect size index, it was in the range of the mean relationship. Moreover, the mean score of the participants' attitude in all components showed a significant difference according to residence, and they were in the range of weak and moderate relationship in terms of the effect size index.
The mean attitude score of the participants according to the educational status in all components (except the component of attitude towards the severity and mortality of the disease) showed a significant difference with the effect size of the weak relationship. Moreover, the mean attitude score of the participants based on marital status in all components (except care and prevention and attitude towards disease treatment) showed a significant difference with the effect size of the weak relationship.
The mean score of the participants' attitude according to the number of children showed a significant difference only in the attitude component of the ratio of care and prevention of corona disease, and in terms of the effect size index, it was in the weak range.
The mean score of the participants based on the type of drug used in all components except the attitude towards contracting the coronavirus and also the attitude towards the severity and mortality of the disease showed a significant difference with the effect size of the weak and moderate relationship.
As Table 4 shows, the mean and standard deviation of the patients' practice score was 19.70 (1970.51). Although this situation had no significant differences in terms of gender, it was in the range of a strong relationship in terms of the effect size index.Table 4The practice of patients with T2D compared to COVID-91 disease


	Practice
	 	Mean (SD)
	Md [95% CI]
	Cohen's D [SMD]
	T value
	P value

	Sex
	Man
	69.39 (18.83)
	− 1.74 [− 6.02 to 2.53]
	− 0.88 [− 0.30 to 0.13]
	0.8
	0.44

	Women
	71.14 (20.19)

	Residence
	Urban
	77.83 (18.80)
	19.93 [16.21 to 23.66]
	1.15 [0.92 to 1.39]
	10.54
	0

	Rural
	57.89 (14.07)

	Diabetes in First-Degree Relatives
	Yes
	73 (19.44)
	5.75 [1.65 to 9.86]
	0.29 [0.08 to 0.51]
	2.75
	0.006

	No
	67.24 (19.64)

	Educational
	Illiteracy
	68.37 (19.54)
	− 6.60 [− 10.92 to − 2.26]
	− 0.34 [− 0.56 to − 0.11]
	− 3
	0.03

	Literacy
	74.96 (19.38)

	Marital
	Married
	71.33 (19.44)
	7.66 [1.05 to 14.27]
	0.39 [0.05 to 0.73]
	2.28
	0.02

	Other
	63.66 (20.86)

	Number of Children
	 > 3 Child
	68.78 (19.81)
	− 7.54 [− 12.36 to − 2.71]
	− 0.39 [− 0.63 to − 0.14]
	− 3.07
	0.002

	 < 3 Child
	76.32 (18.29)

	Medication
	Metformin
	66.53 (18.52)
	− 9.67 [− 13.72 to − 5.62]
	− 0.50 [− 0.72 to − 0.29]
	− 4.69
	0

	Other
	76.20 (20.02)




The mean practice score of the participants showed a significant difference based on residence, and it showed a very strong relationship in terms of the effect size index. Moreover, the mean practice score of the participants based on the history of diabetes in the first-degree family, educational status, marital status, number of children, and the type of drug used showed a significant difference, but showed a weak relationship in terms of the effect size index.
Multiple linear regression analysis of the relationship between age, gender, residence, attitude towards infection, attitude towards treatment, general attitude of patients, knowledge about disease diagnosis and treatment, knowledge about care and prevention, education status, type of drug used, with patients' practice in follow-up behaviors of COVID-19 showed as follows:
Y = 68.34 + 0.22 Age + 3.79 Sex − 15.52 residence + 0.09 Att1 − 0.11 Att4 − 0.35 Att + 0.41 Kdt − 0.18 KCP + 6.52 Educational status + 5.73 Medication
In multiple regression analysis, to predict the practice of patients with T2D in terms of preventive behaviors against COVID-19 based on the variables examined, the results showed that the most important factors predicting the practice score of the patients were, respectively, residence (P < 0.001) and knowledge about the diagnosis and treatment of the virus (P < 0.001) (Table 5).Table 5The Crude and standardized coefficients of the regression line of the practice of patients with T2D in the field of preventive behaviors against COVID-19 according to the variables examined


	Variable
	Crude coefficients
	Standardized coefficients
	P value

	Constant
	68.34

	 	 
	Age
	
0.22

	
0.13

	0.015

	Sex
	
3.79

	
0.2

	0.035

	Education status
	
6.52

	
0.33

	0.004

	Residence
	
− 15.52

	
0.78

	 < 0.001

	Medication
	
5.73

	
0.3

	0.002

	Attitude towards Contracting the disease
	
0.09

	
0.14

	0.018

	Attitudes towards Disease Treatment
	
−0.11

	
0.16

	0.031

	General attitude
	
−0.35

	
0.26

	0.004

	Knowledge about coronavirus diagnosis and treatment
	
0.41

	
0.38

	 < 0.001

	Knowledge about the Care and Prevention
	
− 0.18

	
0.2

	0.001




Examining the relationship between the practice of patients with knowledge (and its subscales) and attitude towards the disease in Table 6 indicated a significant positive relationship between the practice of the participants and their knowledge about the diagnosis and treatment of the disease (r = 0.429, p < 0.001). Thus, as the knowledge of the participants increased, their performance improved (although the type of relationship is weak); nonetheless, there were no significant relationships between the performance of the patients and the attitude towards the disease. Nevertheless, there was a positive and significant relationship between the attitude score of patients with all aspects of knowledge concerning COVID-19.Table 6Examining the relationship between knowledge (and its subscales) and attitude with the practice of patients with T2D towards the COVID-19 disease


	 	 	KNCVD
	KT
	KCP
	KDT
	GA
	PC

	KNCVD
	r
	1
	 	 	 	 	 
	95% Conf. Interval
	–
	 	 	 	 	 
	KT
	r
	0.312 **
	1
	 	 	 	 
	95% Conf. Interval
	0.22 to 0.40
	–
	 	 	 	 
	KCP
	r
	0.672 **
	0.288 **
	1
	 	 	 
	95% Conf. Interval
	0.61 to 0.73
	0.20 to 0.38
	–
	 	 	 
	KDT
	r
	0.566 **
	0.282 **
	0.539 **
	1
	 	 
	95% Conf. Interval
	0.50 to 0.63
	0.18 to 0.38
	0.47 to 0.61
	–
	 	 
	GA
	r
	0.494 **
	0.392 **
	0.543 **
	0.298 **
	1
	 
	95% Conf. Interval
	0.41 to 0.57
	0.30 to 0.48
	0.47 to 0.61
	0.20 to 0.39
	–
	 
	PC
	r
	0.244 **
	0.104 *
	0.09
	0.429 **
	0.004
	1

	95% Conf. Interval
	14 to 0.34
	0.001 to 0.21
	− 0.01 to 0.20
	0.34 to 0.51
	− 0.10 to 0.11
	–


*p < 0.05, **p < 0.01





Discussion
Nowadays, the prevalence of diabetes has brought the significance of this disease as a public health problem to attention [37]. Studies indicate that having underlying diseases like diabetes shows a poor prognosis in patients with COVID-19 [24, 38, 39], so that in COVID-19 patients, having diabetes mellitus is associated with increased complications and mortality [12, 14]. Under such conditions, people with diabetes should be cautious and take necessary precautions to prevent COVID-19. Thus, communities must follow accepted infection control practices such as frequent hand washing with soap, use of alcohol to disinfect hands, social distancing, knowledge of disease symptoms, vaccination, and use of masks to minimize the risk of transmission [39]. It is necessary to evaluate the data of COVID-19 on KAP to confirm effective protective practice and reduce risk in the community. This data is critical in providing the approaches needed to contain the spread of the virus. As far as we know, this study is among the limited studies that evaluate KAP of T2DM patients toward COVID-19.
According to the findings, the mean score of KAP was higher than 70 that despite being considered a good score is lower than the study by Ebrahimi et al. [40] and Kakemam et al. [41]. However, in Swain et al., about 78% of T2DM patients had mean knowledge and 10% of them had lower than mean knowledge [42]. This shows the low level of knowledge of T2DM patients. Given the time of our study, which was almost 2 years after the outbreak of COVID-19 in Iran, and the large volume of educational programs implemented via various channels (such as health service personnel, radio and television, and educational campaigns), prediction of the desired knowledge of society from disease was possible to some extent. In this regard, Gao et al. (2020) [43] indicated that most people had good knowledge about COVID-19. In Zhong et al., the awareness of COVID-19 in Chinese people was much higher than in our study (90%). However, unlike Zhong et al., 67.5% of our sample was illiterate [44]. Nonetheless, the high level of knowledge about the disease can be because of the characteristics of our sample. This is because with the warning of various media about the poor prognosis of patients with diabetes in case of COVID-19 can motivate this segment of the society to search for information on COVID-19.
According to data analysis, the lowest mean was associated with “Knowledge of the ways of transmission of COVID-19”. Thus, 21% thought that corona is transmitted by insect bites and 30.3% thought that corona is transmitted to a person with diabetes through an insulin injection needle. Not in line with the results of this study, another study in Iran on the industrial workers of Saveh showed that 88.9% of the samples were aware of the ways of transmission of COVID-19 [45]. One year before our study, the results of a study in one of Iran's cities showed that the lowest scores were associated with the lack of knowledge about the increased risk of contracting unprotected direct contact with pets and surfaces in contact with animals [46]. All these indicate a need for serious training in connection with the ways of disease transmission. The possible reason could be because of the confusion resulting from the conflicting content of the numerous educational resources made available to the public in connection with the COVID-19 and its transmission paths.
The study indicated that the highest score was associated with “knowledge about the care and prevention of COVID-19”. This could be because of the increased sensitivity of people to take preventive measures to protect their health. Although the patients' knowledge about care and prevention was somewhat favorable, a more detailed analysis of the results shows that only 5% of the samples answered the question “70% alcohol can destroy the corona virus” as “no”. Furthermore, 5% did not consider wearing masks 4.2% washing hands, 6.4% observing social distance, and 4.2% vaccination effective in the transmission and prevention of the virus, and 8.1% of them did not consider underlying diseases such as diabetes to be susceptible to corona. Although the poor knowledge of some patients with T2D about “ways to care for and prevent the coronavirus” seems a bit strange after a long time has passed since the corona epidemic, this can affect their practice of environmental measures to prevent the COVID-19 and cause more incidence of covid-19 in these patients. Our results in the practice section and their percentage of COVID-19 (44.8) confirm this.
Although the general analysis of the results in Table 2 shows “knowledge about the diagnosis and treatment of the coronavirus” as favorable, a more detailed analysis shows that 40.9% of patients consider the role of “smoking and drug use in eliminating the coronavirus” effective. Respectively, 10.9% and 7% of them were unaware of the role of Chloroquine Phosphate and Remdesivir in the treatment of the disease. Moreover, 55.5% of them still did not know that CT scan and blood test are ways to definitively diagnose the disease and a significant percentage of them were unaware of the role of vaccines in preventing the development of severe and fatal disease. Lack of knowledge in different fields of the disease can affect the attitude of patients in the field of preventive behaviors against corona. In confirmation of this statement, it is reminded that the results of the study in Table 6 confirmed a positive and significant relationship between the knowledge score and the attitude of patients in the field of preventive behaviors against corona.
One of the critical elements found in the current study was the role of residence on the acquired knowledge of patients so that patients living in the city and with higher education had better knowledge than others. These are similar to the findings of Erfani et al. [47] and Zhong et al. [44]. Moreover, Kasemy et al. indicated that a low knowledge score is associated with rural residence and low education [48]. Hosseinkhani in Iran indicated the relationship between people's level of knowledge about the COVID-19 and their level of education [36]. One can state that people living in urban society are usually literate and have the skills to use virtual space to search for the information they need, and on the other hand, they have easier access to information campaigns through social, digital or print media. Hence, compared to people living in rural and remote areas, they most likely have a higher level of knowledge about diseases. Thus, it is logical that awareness programs about COVID-19 should be directed towards specific demographic groups such as people with lower educational status and residents of rural areas.
Although the majority of our sample were females, no gender difference was seen in their knowledge scores. In line with these results, Zhong et al. [44] in China and Pal et al. [24] in India did not show a significant difference in the knowledge score according to gender. However, a study in Egypt showed the level of knowledge of women to be significantly higher than that of men [48]. Moreover, in Ebrahimi et al. in Mashhad [40], Rahmanian et al. in Jahrom [49] showed the level of knowledge of women regarding corona to be higher than that of men.
The patients with a history of diabetes in first degree relatives had more knowledge about COVID-19 than the others. The possible reason for this is that they have been able to get good information about various aspects of diabetes and the threatening conditions of diabetic patients through family members. Consistent with these, Joshi revealed that people with a family history of diabetes had more knowledge about various aspects of diabetes than others [50]. Van der Merwe et al. results showed that people who know their family history of hereditary diseases had more knowledge about these diseases than others and were more successful in diagnosing the disease [51].
Our results revealed that the mean score of the participants based on the type of drug used except in “Knowledge about the transmission of the COVID-19” subscale had a significant difference. In other words, the patients taking metformin had more knowledge about COVID-19 than others. This could be related to the characteristics of the samples, as in the treatment regimen of the majority of patients in our sample, either metformin alone or metformin together with other drugs were prescribed. However, in the results of the effect size index, this relationship has been confirmed in the weak and unstable range. Hence, it is suggested that more studies with a larger number of samples or meta-analysis should be explored to confirm the stability of this finding.
Our findings indicate the general attitude of patients towards the disease in the optimal level. However, 8.7% of the samples were against the fact that it is possible for them to catch corona (22.7% did not have an opinion). These findings indicate that not all society is aware of the risk of the disease and do not consider themselves exposed to it. Hence, if people do not accept that they are susceptible to the disease and may be harmed by it, they are less likely to take preventive actions. The results of another study in Iran indicated that only 60% of people considered themselves to be at risk of contracting corona, whereas almost all adults are at risk of contracting corona according to the literature [41]. In a study on T1DM, about 91.3% of the participants believed that they are at higher risk of contracting COVID-19 [42]. Inconsistent with our study, Nasirzadeh and Aligol study on the people of Qom showed that the perceived sensitivity among the people about COVID-19 was at a high level [52]. In our study, 55.5% of the participants held the belief that using herbal and traditional medicines is more effective in the treatment of corona than medical treatments, and 21.6% believed that the use of opium can prevent corona. Moreover, 38.4% chose yes in response to the item “Health and illness are in the hands of God and we cannot do much to prevent the corona virus.” Having misconceptions about corona and other diseases is not just specific to this study, and a review of studies shows that some misconceptions about this disease continue [53]. Hence, in Kakemam, 47% of people believed that the virus is destroyed by salt solution, and 58% believed that the virus is transmitted through wild animals [41]. All these cases show the poor attitude of the society about COVID-19. Any misconceptions on the disease of COVID-19 could result in a sharp increase in the incidence of the disease. Hence, it is necessary to provide more comprehensive and detailed training through the media, doctors, health workers, researchers and other stakeholders to affect the society's attitude towards COVID-19.
According to the results, the mean practice score of patients with T2D in the field of preventive behaviors against COVID-19 was reported as optimal. However, a more detailed analysis of the results in the practice section showed 47% in response to “washing hands with soap and water for 20 s,” 51% in response to “regular use of a mask,” 57.7% in response to “complying with quarantine and staying at home,” 59.4% in response to “avoiding being in crowded places and using a double-layer mask in these places,” and 56% in response to “following their usual diet recommendations” chose the option “I do to some extent” that shows the diabetic patients participating in this study do not pay serious attention to the prevention and care protocols of COVID-19. In explaining the poor practice of patients in some items such as “failing to comply with quarantine and staying at home”, one of the possible reasons can be affected by being forced to do daily tasks and social and economic issues. In some cases, presence in crowded places has become unavoidable for some sections of the society, however, in cases such as “non-regular use of masks”, other reasons such as the weak implementation of restrictive laws by the government during the pandemic have been effective.
The results indicated that the mean practice score of urban participants was significantly higher than that of rural participants, and in terms of the effect size index, the study showed a very strong relationship, but it did not have the desired stability. Moreover, according to multiple regression analysis, residence and knowledge about virus diagnosis and treatment were the most important predictors of patients' practice scores in the field of preventive behaviors against COVID-19. Thus, more detailed planning should be done according to residence to determine the educational needs of patients with diabetes and other sections of the society.
According to the results, patient practice regarding COVID-19 did not have a significant relationship with their knowledge of covid-19. However, it had a positive and significant relationship with their attitude. As already stated, a part of people's practice can be affected by determinism because of the needs of fasting and sometimes due to the lack of restrictive laws. Nonetheless, it indicates that merely improving their knowledge is not enough to improve the practice of patients.

Conclusion
The good level of knowledge and attitude and practice of people towards COVID-19 were good in our study. However, in some cases there were answers showing poor knowledge (considering smoking and drug use to be effective in eliminating the coronavirus, transmission of the virus through insulin injection needles and so on), false beliefs and attitudes (such as the better effect of herbal and traditional medicines in the treatment of corona than medical treatments, preventing opium from contracting corona, our inability to prevent the Coronavirus disease) and average status of practice regarding various aspects of the COVID-19. Residence was a strong predictor of T2DM practice in terms of protective behaviors against COVID-19. Thus, educational needs evaluation according to the place of residence is recommended, especially for T2DM patients who live in rural areas.
Strength and limitation of the study
This is the first study carried out among Iranian T2DM patients living in the southern regions of the country regarding KAP towards COVID-19, and an acceptable sample size was collected from both rural and urban populations. This could be seen as one of the strengths of the present study.
Among the limitations of the study was that the possibility of recall bias could not be eliminated because of the nature of the self-reporting questionnaire. Moreover, because of the wide range of information about COVID-19, it was impossible to evaluate all of them comprehensively in the three dimensions of KAP.

Implications of study results

	Residence was a strong predictor of type 2 diabetes mellitus patients’ practice in terms of protective behaviors against Covid-19. Hence, educational needs evaluation based on residence is recommended, especially in rural T2DM patients.

	Although two years have passed since the beginning of the epidemic of covid-19, our results showed that hesitancy towards the various aspects of the Covid-19 disease (Ways of transmission, Care and Prevention, and treatment of the disease).

	The results show that not all the society is aware of the risk of the Covid-19 disease and they do not consider themselves exposed to it; therefore, they are less likely to engage in preventive behaviors. This confirms the importance of designing educational interventions more than in the past.






Acknowledgements
This paper is the result of a research project approved by Ahvaz Jundishapur University of Medical Science with IR.AJUMS.REC.1399.909 code of ethics. The Ethics Committee of Ahvaz Jundishapur University of Medical Sciences, the respected patients, the staff of comprehensive urban and rural health service centers, and the patients working in the health centers of Izeh are appreciated and thanked for their cooperation in the implementation of this project.

Author contributions
All the writers took part in the initial writing process of the paper, revising it, presenting the idea and initial design, data collection, analysis and interpretation, and all assumed the responsibility for the accuracy and correctness of the content in the paper. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable request.

Declarations
Ethics approval and consent to participate
All the stages of the study were in line with the basic principles of the Helsinki Declaration on ethical principles in medical research on humans. The study was designed in line with the ethics committee principles of Ahvaz Jundishapur University of Medical Sciences. Hence, it has obtained ethical approval (IR.AJUMS.REC.1399.909) from the stated committee.

Consent for publication
All authors have given their consent for this publication.

Competing interests
The authors declare that they have no conflicts of interest.


References
	1.
Covid C, Team R, COVID C, Team R, Bialek S, Boundy E, et al. Severe outcomes among patients with coronavirus disease 2019 (COVID-19)—United States, February 12–March 16, 2020. Morbidity Mortality Week Rep. 2020;69(12):343.

	2.
Ekpenyong BN, Osuagwu UL, Miner CA, Ovenseri-Ogbomo GO, Abu EK, Goson PC, et al. Knowledge, attitudes, and perceptions of COVID-19 among healthcare and non-healthcare workers in sub-Saharan Africa: a web-based survey. Health Secur. 2021;19(4):393–404.PubMed

	3.
Chang L, Yan Y, Wang L. Coronavirus disease 2019: coronaviruses and blood safety. Transfus Med Rev. 2020;34(2):75–80.PubMedPubMedCentral

	4.
Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 2020;395(10229):1054–62.PubMedPubMedCentral

	5.
Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 2020;395(10223):497–506.PubMedPubMedCentral

	6.
Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 2020;395(10223):507–13.PubMedPubMedCentral

	7.
Ejaz H, Alsrhani A, Zafar A, Javed H, Junaid K, Abdalla AE, et al. COVID-19 and comorbidities: deleterious impact on infected patients. J Infect Public Health. 2020;13(12):1833–9.PubMedPubMedCentral

	8.
Lim S, Bae JH, Kwon H-S, Nauck MA. COVID-19 and diabetes mellitus: from pathophysiology to clinical management. Nat Rev Endocrinol. 2021;17(1):11–30.PubMed

	9.
Karimi S. Relationship between Covid-19 anxiety and quality of life with the mediating role of sleep quality in people with diabetes. J Diabetic Nurs. 2021:1660–73.

	10.
Singh AK, Singh A, Shaikh A, Singh R, Misra A. Chloroquine and hydroxychloroquine in the treatment of COVID-19 with or without diabetes: A systematic search and a narrative review with a special reference to India and other developing countries. Diabetes Metab Syndr. 2020;14(3):241–6.PubMedPubMedCentral

	11.
Pal R, Bhansali A. COVID-19, diabetes mellitus and ACE2: the conundrum. Diabetes research and clinical practice. 2020;162.

	12.
Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes mellitus at increased risk for COVID-19 infection? Lancet Respir Med. 2020;8(4): e21.PubMedPubMedCentral

	13.
Singh AK, Gupta R, Ghosh A, Misra A. Diabetes in COVID-19: Prevalence, pathophysiology, prognosis and practical considerations. Diabetes Metab Syndr. 2020;14(4):303–10.PubMedPubMedCentral

	14.
Targher G, Mantovani A, Wang X-B, Yan H-D, Sun Q-F, Pan K-H, et al. Patients with diabetes are at higher risk for severe illness from COVID-19. Diabetes Metab. 2020;46(4):335.PubMedPubMedCentral

	15.
Alhazzani W, Møller MH, Arabi YM, Loeb M, Gong MN, Fan E, et al. Surviving Sepsis Campaign: guidelines on the management of critically ill adults with Coronavirus Disease 2019 (COVID-19). Intensive Care Med. 2020;46(5):854–87.PubMedPubMedCentral

	16.
de Lima Filho BF, Bessa NPOS, Fernandes ACT, da Silva Patrício ÍF, de Oliveira AN, da Costa Cavalcanti FA. Knowledge levels among elderly people with Diabetes Mellitus concerning COVID-19: An educational intervention via a teleservice. Acta Diabetol. 2021;58(1):19–24.PubMed

	17.
Steenblock C, Schwarz PE, Ludwig B, Linkermann A, Zimmet P, Kulebyakin K, et al. COVID-19 and metabolic disease: mechanisms and clinical management. Lancet Diabetes Endocrinol. 2021;9(11):786–98.PubMedPubMedCentral

	18.
Luzi L, Radaelli MG. Influenza and obesity: its odd relationship and the lessons for COVID-19 pandemic. Acta Diabetol. 2020;57:759–64.PubMedPubMedCentral

	19.
Deiana G, Azara A, Dettori M, Delogu F, Vargiu G, Gessa I, et al. Characteristics of SARS-CoV-2 positive cases beyond health-care professionals or social and health-care facilities. BMC Public Health. 2021;21:1–7.

	20.
Rubino F, Amiel SA, Zimmet P, Alberti G, Bornstein S, Eckel RH, et al. New-onset diabetes in Covid-19. N Engl J Med. 2020;383(8):789–90.PubMed

	21.
Arghittu A, Deiana G, Castiglia E, Pacifico A, Brizzi P, Cossu A, et al. Knowledge, attitudes, and behaviors towards proper nutrition and lifestyles in Italian Diabetic Patients during the COVID-19 Pandemic. Int J Environ Res Public Health. 2022;19(18):11212.PubMedPubMedCentral

	22.
Rabbani MG, Akter O, Hasan MZ, Samad N, Mahmood SS, Joarder T. COVID-19 knowledge, attitudes, and practices among people in Bangladesh: telephone-based cross-sectional survey. JMIR Formative Res. 2021;5(11): e28344.

	23.
Jefferson T, Del Mar CB, Dooley L, Ferroni E, Al-Ansary LA, Bawazeer GA, et al. Physical interventions to interrupt or reduce the spread of respiratory viruses. Cochrane Database System Rev. 2020(11).

	24.
Pal R, Yadav U, Grover S, Saboo B, Verma A, Bhadada SK. Knowledge, attitudes and practices towards COVID-19 among young adults with Type 1 Diabetes Mellitus amid the nationwide lockdown in India: a cross-sectional survey. Diabetes Res Clin Pract. 2020;166: 108344.PubMedPubMedCentral

	25.
Fan Y, Zhang S, Li Y, Li Y, Zhang T, Liu W, et al. Development and psychometric testing of the Knowledge, Attitudes and Practices (KAP) questionnaire among student Tuberculosis (TB) Patients (STBP-KAPQ) in China. BMC Infect Dis. 2018;18(1):1–10.

	26.
Sahebi A, Golitaleb M, Aliakbari F, Yousefi K, Sheikhbardsiri H. The knowledge, attitudes, and practice (KAP) of the Iranian public towards COVID-19: a systematic review. Disaster Emerg Med J. 2021.

	27.
Lau J, Yang X, Tsui H, Kim J. Monitoring community responses to the SARS epidemic in Hong Kong: from day 10 to day 62. J Epidemiol Community Health. 2003;57(11):864–70.PubMedPubMedCentral

	28.
Ajisegiri W, Odusanya O, Joshi R. COVID-19 outbreak situation in Nigeria and the need for effective engagement of community health workers for epidemic response. Glob Biosecur. 2020;2(1).

	29.
Banerjee M, Chakraborty S, Pal R. Diabetes self-management amid COVID-19 pandemic. Diabetes Metab Syndr. 2020;14(4):351–4.PubMedPubMedCentral

	30.
Mahdavi E, Mirkeshavarz M, Mansori K. Evaluation of the knowledge, attitude, and practice of patients visiting Zanjan dental school about oral and dental hygiene in. J Craniomaxillof Res. 2021;2021:143–9.

	31.
Shawahna R, Samaro S, Ahmad Z. Knowledge, attitude, and practice of patients with type 2 diabetes mellitus with regard to their disease: a cross-sectional study among Palestinians of the West Bank. BMC Public Health. 2021;21(1):1–13.

	32.
Salman M, Mustafa ZU, Asif N, Zaidi HA, Hussain K, Shehzadi N, et al. Knowledge, attitude and preventive practices related to COVID-19: a cross-sectional study in two Pakistani university populations. Drugs Therapy Perspect. 2020;36(7):319–25.

	33.
Asaad A, El-Sokkary R, Alzamanan M, El-Shafei M. Knowledge and attitudes towards Middle East respiratory sydrome-coronavirus (MERS-CoV) among health care workers in south-western Saudi Arabia. East Mediterr Health J. 2020:435–42.

	34.
Nour MO, Babilghith AO, Natto HA, Al-Amin FO, Alawneh SM. Knowledge, attitude and practices of healthcare providers towards MERS-CoV infection at Makkah hospitals, KSA. Int Res J Med Med Sci. 2015;3(4):103–12.

	35.
Zolfaghari A, Elahi T. Children’s level of anxiety in relation to their level of awareness and attitude towards corona virus based on the health belief model and the level of stress, anxiety and depression of mothers. J Res Psychol Health. 2020;14(1):40–55.

	36.
Hosseinkhani Z, Abbasi M, Khaleghi A, Kakavand E, Yazdi N, Mohammadi Moein HR. Knowledge, attitude, and practice toward SARS COV-2 in Qazvin Province: a population-based study. Iran J Epidemiol. 2021;17(2):105–15.

	37.
Skoglund G, Nilsson BB, Olsen CF, Bergland A, Hilde G. Facilitators and barriers for lifestyle change in people with prediabetes: a meta-synthesis of qualitative studies. BMC Public Health. 2022;22(1):1–27.

	38.
Qeadan F, Tingey B, Egbert J, Pezzolesi MG, Burge MR, Peterson KA, et al. The associations between COVID-19 diagnosis, type 1 diabetes, and the risk of diabetic ketoacidosis: a nationwide cohort from the US using the Cerner Real-World Data. PLoS ONE. 2022;17(4): e0266809.PubMedPubMedCentral

	39.
Taye GM, Bose L, Beressa TB, Tefera GM, Mosisa B, Dinsa H, et al. COVID-19 knowledge, attitudes, and prevention practices among people with hypertension and diabetes mellitus attending public health facilities in Ambo, Ethiopia. Infect Drug Resist. 2020;13:4203.

	40.
Ebrahimi M, Khodabakhshian Z, Reihani HR, Habibzadeh SR, Khadem Rezaeian M, Kalani N, et al. Evaluation of awareness, attitude, and practice of residents in Mashhad towards new coronavirus disease 2019 in 2020. Navid No. 2021;24(77):69–83.

	41.
Kakemam E, Ghoddoosi-Nejad D, Chegini Z, Momeni K, Salehiniya H, Hassanipour S, et al. Knowledge, attitudes, and practices among the general population during COVID-19 outbreak in Iran: a national cross-sectional online survey. Front Public Health. 2020;8: 585302.PubMedPubMedCentral

	42.
Swain J, Manglunia A, Mangaraj S, Singh J, Sravya S, Jadhao P. Assessment of knowledge and practice trends about COVID-19 disease and vaccination among patients with type 2 diabetes mellitus attending an outpatient department of a tertiary care hospital. J Appl Sci Clin Pract. 2022;3(1):8.

	43.
Gao H, Hu R, Yin L, Yuan X, Tang H, Luo L, et al. Knowledge, attitudes and practices of the Chinese public with respect to coronavirus disease (COVID-19): an online cross-sectional survey. BMC Public Health. 2020;20(1):1–8.

	44.
Zhong B-L, Luo W, Li H-M, Zhang Q-Q, Liu X-G, Li W-T, et al. Knowledge, attitudes, and practices towards COVID-19 among Chinese residents during the rapid rise period of the COVID-19 outbreak: a quick online cross-sectional survey. Int J Biol Sci. 2020;16(10):1745.PubMedPubMedCentral

	45.
Biabani A, Zokaei M, Falahati M, Nobarani M. Survey of KAP about Using Personal Protective Equipment, Effective in Pre-venting Covid-19 in Saveh Industrial Workers.

	46.
Minaei Moghadam S, Mafi MH, Farokhi Kalat S, Jamali J, Manzari ZS. The relationship between knowledge, attitude and practice with hope to treatment towards Covid-19 Disease in Residents of Mashhad in 1399. Navid No. 2021;24(79):1–13.

	47.
Erfani A, Shahriarirad R, Ranjbar K, Mirahmadizadeh A, Moghadami M. Knowledge, attitude and practice toward the novel coronavirus (COVID-19) outbreak: a population-based survey in Iran. Bull World Health Organ. 2020;30:10–2471.

	48.
Kasemy ZA, Bahbah WA, Zewain SK, Haggag MG, Alkalash SH, Zahran E, et al. Knowledge, attitude and practice toward COVID-19 among Egyptians. J Epidemiol Glob Health. 2020;10(4):378.PubMedPubMedCentral

	49.
Rahmanian M, Kamali AR, Foroughian M, Kalani N, Esmaealpour N, Hatami N, et al. Knowledge, attitude and practice of medical and administrative staff in exposure and non-exposure to Covid 19 Virus in Jahrom: a cross-sectional descriptive study in 2020. J Arak Univ Med Sci. 2020;23(5):750–65.

	50.
Joshi S, Ashok P, Kharche JS, Godbole GR. Study of relation between family history of diabetes mellitus and awareness of diabetes mellitus in Pune urban population. Natl J Physiol Pharm Pharmacol. 2018;8(10):1418.

	51.
Van der Merwe LJ, Nel G, Williams C, Erasmus S, Nel R, Kolver M, et al. The knowledge, attitudes and practices regarding family history of hereditary diseases amongst undergraduate students at the University of the Free State. South African Family Practice. 2022;64(1).

	52.
Nasirzadeh M, Aligol M. Assessmentof knowledge, attitude, and factors associated with the preventive behaviors of COVID-19 in Qom, Iran, in 2020. Qom Univ Med Sci J. 2020;14(7):50–7.

	53.
Zhang M, Zhou M, Tang F, Wang Y, Nie H, Zhang L, et al. Knowledge, attitude, and practice regarding COVID-19 among healthcare workers in Henan, China. J Hosp Infect. 2020;105(2):183–7.PubMedPubMedCentral



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		The COVID-19 pandemic: knowledge, attitudes and practices of coronavirus (COVID-19) among patients with type 2 diabetes


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





OEBPS/images/41043_2023_349_Fig1_HTML.png
)

'

-

0.565 (0.000) 0775 (0.000) 0.662 (0.000) /-
-\ 0.744 (0.000) 0.782 (0.000)

0.632 (0.000)
-0.393 (0.001)

-0.496 (0.000)

-k Transfer

0.690 (0.000)
0.526 (0.000)

0.517 (0.000
T ooz

0.594 (0.000)

0.254 (0.000)

0.080 (0.000)

?

0663 (0.000) 749 (0.000)
0.819 (0.000)
0.782 (0.000)
0.791 (0.000)

i

0.531 (0.000) Knowledge

0.789 (0.000) 0.354 (0.000)

0.669 (0.000)

0.684 (0.000)

0684 (0000) 0765 (0.000) ;

;






